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This invention relates to a process for the acylation of aromatic 
compounds with or without comprising a nitro group(s) using a solid 
catalyst mis invention particularly relates to a process for the acylation of 
aromatic compounds with or without comprising nitro groups by an 
acylating agent for preparing corresponding acylated aromatic compounds, 
using a reusable solid catalyst. 

The process of this invention could be used for the preparation of 
acylated aromatic compounds with or without comprising nitro group(s), 
which are fine chemicals and/or used as intermediates in the preparation of 
fine chemicals or specialty chemicals in dyes and pharmaceutical industries 
and other chemical industries. 

A number of homogeneous and heterogeneous solid catalyzed liquid 
phase processes based on Friedal-Craf to type reactions for the acylation of 
aromatic compounds without comprising nitro group(s) are known in the 
prior art. 

FH«H«l-Crafe i Tyi" A "lW" BSS^SSH Carnlvzed hy Homogeneous 
Catalysts 

The Friedal-Crafts type acylation of aromatic compounds without 
comprising nitro group(s) by various iicylating agents, using homogeneous 
lewis acid catalysts, such as A1C1 3 , BF :; , ZnCl 2 and other metal chlorides and 
protonic acid catalysts, such as H 2 SO<, H3PO4, HF, etc., are weU known in 
the prior art. 
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In a US patent [US 5476970 (1995)], Rains et aL disclosed a 
homogeneous liquid phase process for the acylation of R.RAH4 by 
R 3 R 4 C <i H,COCl, wherein K h R 2 , Rs R4 are non-nitro chemical groups, 
using FeCl 3 catalysts at high pressure*.. In French patents (FR 2768728 
(1999) and FR 2768729 (1999)], Baudry et al. disclosed liquid phase 
homogeneous process for the benzoylation of anisole by benzoyl chloride 
using rare earth halides or uranyl halide. 

In a Japanese patent [JP 08277241, A2 (1996)], Kunikata disclosed a 
liquid phase process for the acylation of phenol by phenyl acetyl chloride 
using a homogeneous A1C1 3 catalyst. Use of A1C1 3 as a homogeneous 
catalyst is also disclosed by Oono for the acylation of toluene with 
acetylchloride at high pressures in a Japanese patent [JP 09059205, A2 
(1997)]. 

In a Japanese patent [JP 2000086570, A2 (2000)], Shoji et al. have 
disclosed a homogeneous liquid phase process for the acylation of toluene 
by acetyl fluoride using HF-BF3 as a catalyst. 

The main disadvantages of the Friedal-Crafts type acylation 
processes based on the use of above mentioned homogeneous acid catalysts 
are as follows: 

1) The separation and recovery of the dissolved acid catalysts from the 
liquid reaction mixture is difficult. 

2) The disposal of the used acid catalysts creates environmental 
pollution. 

3 
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3) The homogeneous acid catalysts also pose several other problems 
J such as high toxicity, corrosion, spent acid disposal and use of more 

than the stoichiometric amount. 

Solid Catalysts 

A few liquid phase processes for the acylation of aromatic 
compounds without comprising nitro g>:oup(s) by acyl halides using solid 
catalysts are known in the prior art. 

In a Japanese patent [JP 0108989a, A2 (1995)], Myata et al disclosed 
a liquid phase process for the acylation of toluene with benzoyl chloride 
using ammonium chloride treated H-bela zeolite catalysts under reflux for 3 
h to get para-acylated toluene with 28 % yield. 

In a French patent [FR 2745287, Al (1997)], Barbier et al. disclosed 
liquid phase acylation of anisole by benzoyl chloride under reflux using 
neodymium chloride deposited on montmorillonite K-10 clay. 

In the recent US patents [US 6437191 (2002) and US 6525226 
(2003)], Choudhary et al. disclosed process for the Friedel-Crafts type 
acylation of aromatic compounds without comprising nitro group(s), using 
reusable solid catalysts comprising indium chloride or reusable basic 
anionic clay catalysts. 

Acylation of an aromatic compound involves electrophilic 
substitution of H from the aromatic nucleus of the aromatic compound. It is 
well known in the prior art that the electrophilic substitution is favored by 
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the presence of electron donating groups, such as OH, alkyl, alkoxy, 
* phenoxy, alkyl amine, SH, etc., in the aromatic compound. Whereas the 

electrophilic substitution is inhibited by the presence of electron 
withdrawing groups, such as halo, cyano, nitro, carboxy, aldehyde, etc., in 
the aromatic compound. Among the electron withdrawing groups, nitro 
group is the strongest electron withdrawing group and hence Friedel-Crafts 
type alkylation or acy lation of nitro compounds is very difficult and has not 
been reported so far in the prior art. 

Although some limitations of the homogeneous acid catalyzed 
processes are overcome in the prior art heterogeneous solid catalyzed 
processes described above, the acylating activity of the solid acid catalysts 
used in the prior art processes is low, particularly for acylating aromatic 
compounds not containing electron donating groups, such as benzene, 
naphthalene, etc and/or for acylating nitro aromatic compounds. Most of the 
prior art homogeneous and heterogeneous acid catalysts are moisture 
sensitive, and hence demand moisture-free or thoroughly dried reactants, 
solvents and catalysts for the Friedal-Crafts type acylation processes. In 
presence of moisture in the reaction mixture, all the above homogeneous 
catalyst and most of the heterogeneous catalysts show poor activity in the 
Friedal-Crafts type acylation processes. Hence there is a great practical 
need for finding more efficient and also moisture insensitive and reusable 
solid catalyst for the acylation of aromatic compounds, including those 
containing strong electron withdrawing; group, such as nitro group(s). This 

5 
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invention is, therefore, made with the following objects so that most of the 

■J 

drawbacks or limitations of the prior art homogeneous and heterogeneous 
catalyzed processes for the Friedal-Crafi s type acylation reactions could be 
overcome: 

1. Accordingly, the main object of this invention is to provide a liquid 
phase process for the acylation of aromatic compounds with or 
without comprising strongly aromatic ring deactivating nitro group(s), 
using a novel solid catalyst, which has high activity not only when the 
aromatic ring activating groups (i.e. electron donating groups such as 
alkyl, alkoxy, hydroxy, phenoxy, etc) are present in the aromatic ring 
to be acylated but also when the strong ring deactivating groups, such 
as nitro group, are present in the aromatic compounds to be acylated, 
so that the reaction temperature is low and/or time for completing the 
reaction is short. 

2. Other important object of this invention is to provide a liquid phase 
process for the acylation of aromatic compounds with or without 
comprising nitro group(s), using a novel solid catalyst, which is easily 
separable and reusable in the process. 

3. Another important object of this invention is to provide a solid 
catalyzed liquid phase process for the acylation of aromatic 
compounds with or without comprising nitro group(s) even in the 
presence of moisture in the reaction mixture. 

6 
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Accordingly, this invention provides a process for the acylation 0 f an 
aromatic compound(I) f with or withoui: comprising nitro group(s), by an 
acylating agent(II), comprising at least one carbonyl group, using a reusable 
solid catalyst, which comprises, 

i) reacting under stirring a crystalline micro- or meso- porous 
inorganic solid comprising surface hydroxyl groups with at least 
one anhydrous metal halide selected from anhydrous halides of Al, 
Ga, In, Tl and Fe, dissolved in a non-aqueous solvent, with the 
metal halide to the inorganic solid weight ratio in the range from 
0.01 to 1.0 in the presence or absence of a flowing inert gas at a 
temperature in the range from 20 °C to 200 °C, such that the 
amount of metal halide(s) consumed in the reaction is at least 0.1 
mmol per gram of the inorganic solid and also the amount of 
hydrogen halide evolved in the reaction is at least 0.1 mole per 
mole of the metal halide(s) consumed in the reaction; 

ii) separating the resulting solid from the reaction mixture obtained 
from step(i), washing by the non-aqueous solvent and drying 
under moisture-free atmosphere; 

iii) contacting in a stirred batch reactor a liquid reaction mixture 
comprising aromatic compound (I) and acylating agent(H) with the 
inorganic solid obtained from step(ii), designated as solid 
catalysts(III), at the following reaction conditions: the weight ratio 
of solid catalyst(III) to acylating agent(II) in the range from 0.005 
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to 1.0, the mole ratio of acylating agent(II) to aromatic 
compound(I) in the range from 0.01 to 10, the temperature in the 
range from 50 °C to 300 °C and the pressure at least atmospheric 
one; 

iv) separating the solid catalyst(ni) and isolating the produces), and 
the reactants, aromatic compound(I) and acylating agent(II) from 
the reaction mixture; and 

v) recycling the solid catalysts(ffl) for its reuse to step(iii) in a 
subsequent reaction batch. 

In the process of this invention, aromatic compound(I) is 
represented by formula: 
(R,R2R3R«)-M-H; 

acylating agent(II) is represented by a formula: 
(R 5 R*R 7 )-Y-X; 

and the acylated compound produced is represented by a formula: 
((R^RaR^M-Y^RsR^R?)), 

wherein, M is an aromatic nucleus such as single aromatic ring 

containing 6 C-atoms and 1 H-atom or fused two aromatic rings 

containing 10 C-atoms and 3 H-atoms or three fused aromatic rings 

containing 14 C-atoms and 5 H-;itoms; Rj.Ra.R3 and R4 are chemical 

groups attached to the aromatic nucleus, M; Y, which is a nucleus of the 

acylating agent, is selected from C-CO, CH^CO, C^-CO, 

C&zCnHin-CO and C m H 2m -4-CO; R 5 , R* and R 7 are chemical groups 

8 
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attached to the nucleus of acylating agent, Y; X is a halogen or hydroxyl 
chemical group; H is hydrogen; C is carbon; O is oxygen n and m are 
integer numbers having value above zero and above one, respectively. 
Each of the chemical groups, R,, R 2 , R 3 , R4. Rs, R* and R 7 , may be 
selected from the following chemical groups: hydrogen, alkane, olefinic, 
phenyl, alkoxy, phenoxy, hydroxyl, aidehydic, ketonic, amine, amide, 
thio, sulphonic acid, nitro and cyano groups and the like. 

The process of this invention can be carried out in a stirred batch 
reactor, fitted with a reflux condenser and arrangement for bubbling inert 
gas through the reaction mixture, known in the prior art for carrying out 

liquid phase reactions. 

In the process of this invention, the main product formed is 
corresponding acylated aromatic compound formed from the acylation 
by acylating agent(II) of aromatic compound(I) and a by-product HX, 
wherein, H = hydrogen and X - halogen or OH, depending upon the 

acylating agent used. 

In the process of this invention, aromatic compound(I) and 
acylating agent(II) are reactants and are converted partially or completely 
to said products. 

The process of this invention may be carried out with or without 
using a non-aqueous solvent, such as ethylene dichloride, nitromethane, 
n-hexane, n-heptane, n-octane or other solvents. In the process of this 
invention, the role of solvent, if used, is to dissolve solid reactant or 

9 
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reactants, to dilute reactants and/or to facilitate the reaction between 
aromatic compound and acylating agent. However, solvent may not be 
used in the process of this invention when both the reactants are liquids 
at said reaction conditions. Normally, said solvent is not converted in the 
process of this invention. 

In the process of this invention, the role of inert gas bubbling 
continuously through the reaction mixture is to remove continuously said 
by-product from the reaction mixture so that the reverse reaction is 
avoided or minimized and the time required for completing the reaction 
is shortened. In the absence of bubbled inert gas, the reaction can still 
take place but with incomplete conversion and/or requiring longer 
period. 

In the process of this invention, the role of the reflux condenser 
fitted with the reactor is to condense reactants and solvent, if used, and to 
return them back to the reaction mixture and allow the inert gas, which is 
continuously bubbling through the reaction mixture, along with said 
by-product to escape from the reaction mixture. 

In the process of this invention, the reaction pressure above 
atmospheric pressure may be used to allow the reaction to be carried out 
at a temperature higher than the normal boiling point of the reactants 
and/or solvent, by increasing the boiling point of the said reactants 
and/or solvent with increasing the reaction pressure. 



10 
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Solid catalyst(III), used in step( iii) of the process of this invention, 
is heterogeneous with respect to the reaction mixture and can be removed 
from the reaction mixture simply by filtration and the removed catalyst, 
after washing with solvent or said liquid aromatic compound, which is to 
be acylated, can be reused in step(iii) of the said process. The used 
catalyst of this process can be reused in step(iii) of the process several 
times. The reused catalyst shows high acylating activity in the process of 
this invention. 

The role of the said solid catalyst(III) is to activate both the 
reactants - aromatic compound(I) and acylating agent(H) and thereby to 
increase rate of the acylation reaction in step(iii) of the process of this 
invention. 

In the process of this invention, the preferred crystalline solid used 
in step(i) is Si-MCM-41 or crystalline cationic clay; the preferred cationic 
clay is montmorillonite; the preferred metal halide used in step(i) is 
anhydrous A1C1 3 and/or GaCl 3 ; the preferred non-aqueous solvent used in 
step(i) is carbon tetrachloride, dichloroethane or acetonitrile; the preferred 
inert gas used in step(i) is N 2 , He or Ar; the preferred aromatic 
compound(I) used in step(iii) is nitrobenzene, dinitrobenzenes, nitro 
naphthalenes, substituted nitrobenzenes and substituted nitro naphthalenes; 
the preferred acylating agent(II) in step(iii) is benzoyl chloride, benzoyl 
bromide, acetyl chloride, acetyl bromide, substituted benzoyl chloride or 
substituted acetyl chloride; the preferred weight ratio of solid catalyst(ni) to 

U 
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acylating agent(II) is between 0.05 and 0.5; the preferred mole ratio of 
acylating agent(II) to aromatic compounder) is between 0.05 and 1,0; the 
preferred temperature employed in step (iii) is between 50 °C and 250 °C; 
the preferred pressure in step(iii) is between 1 atm and 10 atm. 

By the process of this invention, nitrobenzene can also be 
benzoylated with benzoyl chloride to nitro benzophenone with 100 % 
conversion of benzoyl chloride for a read ion period of less than 2 h. 

The main finding of this invention is that, it is possible to directly 
acylate aromatic compounds, even those comprising highly aromatic ring 
deactivating nitro group(s), by an acylating agent, with a high conversion of 
the acylating agent, using a reusable so lid catalyst by the process of this 
invention. 

Other important finding of this invention is that, the solid catalyst of 
this invention can be easily separated from the reaction mixture, simply by 
filtration, and reused repeatedly in the process. Another important finding of 
this invention is that, the solid catalyst of this invention shows high activity 
in the Friedel-Crafts type acylation reactions of aromatic compounds with or 
without comprising nitro group(s), even in the presence of moisture. 

The present invention is described with respect to the following 
examples illustrating the process of this invention for the acylation of 
aromatic compounds with or without comprising nitro group(s). These 
examples are provided for illustrative purposes only and are not be 
construed as limitation of the process of this invention. 

12 
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Conversion of reactants (•/.) - mole (%) of the reactant converted 
,o all products. All the ratios of aromatic compounds© to acylating 
agentdR arc mole ratios. All the solid catalystflll) to ablating agentd!) and 
solvent to aromatic compoundd) ratios are weight ratios. 

■Ibc flow rates of gases are measured a. 0 'C and 1 atm pressure. 
Oas hourly space velocity (QHSV) is volume of gas, measured at 0 "C and 1 
aun p«ssure, passed through unit volume of the liquid paction mixture per 
hour. 

Ac and Aa represent aromatic compoundd) to be acylated and 
acylating agent(II). respectively. 
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EXAMPLE-1 

This example illustrates the process of this invention for the acylation 
of nitrobenzene with benzoyl chloride, using a reusable solid catalyst of this 
invention. 

The process of this invention, was carried out in the following five 
stops, as follows: 

Step (i): 8.3 g of crystalline mesoporous high silica MCM-41, i.e, 
Si-MCM-41 having surface area of 1100 m 2 .g"\ was taken in 100 cm 3 dry 
carbon tetrachloride. To this was added 6 mmol anhydrous A1C1 3 dissolved 
in 6 ml dry acetonitrile and 4 mmol anhydrous GaCl 3 dissolved in 4 ml dry 
carbon tetrachloride. The resulting reaction mixture was refluxed for 4 h 
under moisture-free N 2 (flow rate - 60 ml/min), The gaseous hydrogen 
chloride evolved during the reaction between the Si-MCM-41 and 
chlorides of Al and Ga was measured quantitatively by absorbing it in 
aqueous NaOH solution by a simple acid-base titration using 
phenolphthalein indicator. The amount of HC1 evolved in the reaction was 
1.5 mmolg' 1 . 

Step (ii): The reaction mixture was cooled and the solid catalyst is separated 
by filtration and washed by dry carbon tetrachloride, under moisture-free 
N 2 gas and dried under vacuum. The dried catalyst was analyzed for its Al 
and Ga content. The concentration of Al and Ga in the catalyst was 0.62 and 
0.38 mmolg" 1 , respectively. 

14 
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Step (iii): 0.4 g of the solid catalyst(in) obtained from Vstep(ii), was 
contacted with a reaction mixture containing 13 ml (126 mmol) of 
nitrobenzene and 1 ml (8.6 mmol) benzoyl chloride in the absence of any 
solvent, in a stirred glass reactor (capacity: 25 cm 3 ) fitted with a reflux 
condenser, mercury thermometer dipped in the reaction mixture and an inlet 
tube for passing gas through the reaction mixture, under vigorous stirring, 
while bubbling moisture-free N 2 gas at a flow rate of 30 ml-min" 1 through 
the reaction mixture at atmospheric pressure and at a temperature of 180 °C 
for 2 h. The gaseous hydrogen chloride evolved during the reaction was 
measured quantitatively by absorbing it in aqueous NaOH solution by a 
simple acid-base titration using phenolphthalein indicator. The amount of 
HC1 evolved in the reaction was 8.5 mmol. The conversion of benzoyl 
chloride in the reaction was 99 %. 

Step (iv): The above reaction mixture was cooled to room temperature and 
the solid catalyst was seperated from the reaction mixture by filtration. The 
reaction product (benzoylated nitrobenzene) was isolated from the filtrate by 
column chromatography and characterized by spectroscopic techniques as 
nitro benzophenone. 

Step (v): The solid catalyst obtained from step(iv) was washed with 
nitrobenzene and recycled in the step(iii) for reusing the eatelyst for the 
benzoylation of nitrobenzene by benzoyl chloride at the reaction conditions 
aaI »e as that described earlier in the step(lii). The conversion of benzoyl 
chloride in this case was also found to be 99 %, indicating reusability of the 
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3:. , ;« ^J j^ji- »•? • j r''-'M' ; ^ s ~ 

H of Science. CC— Sciences, volnnte «* ~ » - - 
1997). 

E3EB ^ ex sntp.es ft*. - — <*** of 

, . Examp ie-1, several times in the process of this 
this invention, prepared in Exampie-i, 

invention. 4 N #. 

m ^ of the candyst ^ frotn the 

except »«, the acyiation reaction in stepCU) was carried out at differed 
^on condttions, a, given in Tabic-,. In these espies, the — 
^ound to be acyiated was nin.ben.ene and the acyiating agent was 
bo^vi chloride. The resuits axe included in Tabid. These resuits show an 
«ceUen, rensabi.ity of the catalyst of this invention in *e proceas of this 



invention. 
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Table-1: Results showing the reusability of the catalyst prepared in Example- 1 for 
the acylation of nitrobenzene by benzoyl chloride. 



Fxampl* 



Example-2 



Example-3 



Catalyst(ni) 
used 



Example-4 



Reaction 
conditions 
in stepIUQ 

Solvent 

Ac/Aa mole 
ratio 

Solvent/Aa 
mole ratio 

Catalyst/Aa 
weight ratio 



Temperature 

(*C) 

Pressure 
(atm) 

OHSV of N 2 
(cm 3 min -1 ) 

Reaction 
time (min) 



Conversion 
of acylating 
agent (%) 



Main 
product of 
reaction 



By product 
of reaction 



nil 
10.0 



0.3 



180 



30 



109 



98 



CfiHsCOCfi^NOz 



HC1 



nil 
12.0 

0 

0.4 
180 



30 



111 



98 



C 6 H 5 COC6H4N0 2 



HC1 



nil 
14.7 

0 

0.3 

180 

1.2 

30 

112 



97 



CfiHjCOC^NOj 



HC1 
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Table-1: ....continued. 



Example 

Nos, 


Example-5 


Example-6 


Example-7 


r. a taivstam 


Catalyst after its 
use in Example—4 


Catalyst after its use in 
Example-5 


Catalyst after its use in 


used 


Example-6 


Reaction 
conditions 
«H step(Ut) 








Solvent 


nil 


nil 


nil 


Ac/Aa mole 
ratio 


11.0 


13.0 


5.0 


Solvent/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.2 


Temperature 
°C 


180 


180 


180 


Pressure 
(atm) 


1 


1.1 


1.6 


GHSV of N 2 
(cm 3 min~ l ) 


30 


30 


30 


Reaction 
time (min) 


115 


120 


124 


Conversion 
of acvlatinc 
agent (%) 


07 


97 


96 


Main 








product of 
reaction 


C^HsCOC^NOa 


CcHjCOQH^Oj 


QHjCOCcHUNOi 


By product 
of reaction 


HC1 


HC1 


HC1 
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These examples further illustrate the process of this invention for the 
1 acylation by different acyl halide of aromatic compounds with or without comprising 
nitro group(s). 

The acylation was carried out by the procedure same as mat described in 
Example-1 except that, the reactants and the reaction conditions employed in the 
step(iii) were different, as given in Tabled and, in Examples 10,12, 15 and 16, the 
solid catalyst obtained from step(ii) was stored over water in a desiccator at room 
temperature for 12 h before using it for the acylation reaction in step(iii). The results 

are included in Table-2. 

The results show that aromatic compounds with or without comprising nitro 
group can be acylated by the process of this invention, even in the presence of 
moisture in the reactants, solvent and/or catalyst. 
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Table-2: Results of the acylation of aromatic compounds with or without comprising 
nitro group(s), 



Exaraole Nos* 


Example-8 


Example-9 


Example- 10 


Reactants 








Aropiatic 
compound (Ac) 


Benzene 


Naphthalene 


Toluene 


Acylating agent 
(Aa) 


Benzoyl chloride 


Benzoyl chloride 


Benzoyl bromide 


^eactiop 
conditions in 
rtepfiif) 

Solvent 

Ac/Aa mole ratio 


nil 
15.0 


n— uctane 
(saturated with 
water) 

5.5 


nil 
14.2 


Solvent/Aa mole 

rat in 


o 


1.0 


0 


Catalyst/Aa 

ii;Atrrnt T*Atl/\ 

WCIgflL laUO 




0 3 


0.3 


Temperature °C 


80 


120 


no 


Pressure (atm) 


1 


J 


1 
1 


GHSV of N 2 
(cmW) 


30 


30 


30 


Reaction time 
(min) 


99.0 


88.5 


65.0 


Conversion of 
acylating agent 

(%) 


68 5 


73.2 


9.0 


Main product of 
reaction 


C6H 5 COC 6 H 5 


CeHjCOCoH: 


C6H5COQH4CH3 


By product of 
reaction 


HC1 


HC1 


HBr 
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Table-2: ...continued. 



Example Nos, 


Exaraple-11 


Example-12 


Example-13 


Reactants 

Aromatic 
compound (Ac) 


Anisole 


Cuinene 
(saturated with water) 


Mesitylene 


Acylating agent 
( A&) 


Benzoyl chloride 


Benzoyl chloride 


Benzoyl chloride j 


1 Reaction 
conditions in 

Solvent 


nil 


nil 


nil 


Ac/Aa mole 
ratio 


13.9 


10.9 


10.0 


Solvent/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


U.J 


0.3 


0.3 


Temperature 

he 


140 






Pressure (atm) 


1 


1 


j 1 


QHSV of N 2 
(cm 3 min~ l ) 


30 


30 


1 30 


Reaction time 
(min) 


9.0 


4.1 


7.0 


1 conversion 01 
acylating agent 

(%) 


99 


100 




Main product 
of reaction 


C6H 5 C0C6H4OCH: 


, C 6 H s COC6H4CH(CH 3 ) 


2 C6H5COC6H 2 (CH 3 )3 


By product ot 
1 reaction 


HC1 


HC1 


1 HC1 
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Table-2: continued. 





Example-14 


Example- 1 j j 




Nos, 


Reactants 








(Ac) 


p— Ayiene 


Nitrobenzene 
(saturated with 
water) j 


Nitrobenzene 


Acylating 
agent (Aa) 


Benzoyl chloride 


Benzoyl chloride 


Acetyl chloride 


Reaction 
















iff Stepf iii) 










nil 


nil 


nil 


Ac/Aa mole 
ratio 


12.3 


14.7 


9.0 


Solvcnt/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.4 


Temperature 

°C 


140 


180 


40 


Pressure 
(atm) 


1 
1 


1 


1 


GHSV of N 2 
(cm 3 min _1 ) 


30 


30 


j 30 


Reaction 
time iminj 


10.0 


105.0 


6.9 


Conversion 
of acylating 
agent (%) 


99.9 


99 


100 


Main 

product of 
Reaction 


CeHsCOC^jCCHj)! 


CfiHsCOCfiRjNOa 


CcHsCOC^COCHb 


By product 
1 of reaction 


HC1 


HC1 


HC1 
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Table-2: ....continued. 



Example 
Nog, 


Exampte-17 


Example- 18 


Example- 19 


Reactants 


• 






Aromatic 
compound 

(Ac) 


o-nitrotoluene 


m — niiruujiucnc 
(saturated with water) 


p-nitrotoluene 


Acylating 
agent (Aa) 


Benzoyl 

It * A 

chloride 


Benzoyl chloride 


Benzoyl chloride 


Reaction 

conamoiis 
instep(iii) 

Solvent 


nil 


nil 


Nil 


Ac/Aa mole 
ratio 


5.0 


4.9 


4.2 


Solvent/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.3 


Temperature 
°C 


140 


150 


150 


Pressure 
(atm) 


1 


1 


1 


CmaV OI N2 


30 * 


30 


30 


Reaction 
time (min) 


155.0 


189.2 


137.0 


Conversion 
of acylating 
a&ent (°/o) 


86.8 


100 


58 


Main 
product of 
reaction 


o-nitrotohiene 
phenyl ketone 


c— nitrotoluene phenyl 
ketone 


o-nitrotoluene phenyl 
ketone 


By product 
of reaction 


HC1 


HC1 


HC1 
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Table-2: ....continued. 



Example 
Nog, 


Example-20 


Example-21 


Exampie-22 


Reactaots 








Aromatic 
compound 

(Ac) 


1-chloro- 
3-nitrobenzene 


1-chloro- 
4-nitrobenzene 


1-bromo— 
3-nitrobenzene 


Acylating 
agent (Aa) 


Benzoyl j 
chloride 


Benzoyl chloride 


Benzoyl chloride 


Reaction 
conditions 
in steoCiii) 

Solvent 


nil 


nil 


Nil 


Ac/Aa mole 
ratio 


3.7 | 


3.7 


3.0 


Solvent/ Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.3 


Temperature 
°C 


140 


140 ' 


140 


Pressure 
(atm) 


1 


1 


1 


GHSV of N 2 
(cm 3 min _1 ) 


30 


30 


30 


Reaction 
time (min) 


149 


94.5 


219 


Conversion 
of acylating 
agent (%) 


69.4 


63.6 


75 


Main 

product of 
reaction 


1-Chloro- 
3-nitrobenzene 
phenyl ketone 


1-Chloro- 
4-nitrobenzene 
phenyl ketone 


4-nitrobenzene 
phenyl ketone 


By product 
of reaction 


HC1 


HC1 


HCI 
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Table-2: ....continued. 





Example-23 


Example-24 


Example-25 


Reactarits 








Aromatic 
compound 

(Ac) 


Nitrobenzene 
(saturated 
wiui watery 


4-nitro 
acetophenone 


4-nitro 
benzaldehyde 


Acvlatine 

agent ( Aa) 


Phenvlacetvl 
chloride 


Benzovl 
chloride 


chloride 


Reaction 

conditions 

instepfiii) 








Solvent 


vtji 
Nil 


ml 


XT' 1 

Nil 


Ac/Aa mole 
ratio 


16.6 


3.5 


4.0 


Solvent/ Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.3 


Temperature 

°c 


90 


130 


130 


Pressure 
(aim j 


1 


1 
1 


1 


GHSV of N 2 
(cm mm ) 








Reaction 
time (min) 


5 


29.8 


75 


Conversion 
agent (%) 


ion 


100 


99 


Main 

product of 
reaction 


Nitrobenzene 
Benzyl ketone 


4-nitroacetophenone 
phenyl ketone 


4— benzaldehyde 
phenyl ketone 


By product 
of reaction 


HC1 


HC1 


HC1 
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EXAMPLES-26 to 28 

These examples also illustrate the process of this invention for the acylation 
: of different aromatic compounds with or without comprising nitro group(s). 

The process was carried out similar to that described in Examples-8 to 25 
except that, in the step(i), 10 mmol of anhydrous GaCl 3 was used instead of 6 mmol 
of anhydrous AlCl 3 and 4 mmol of anhydrous GaCl 3 . The reactants and reaction 
conditions used in step(iii) are given in Table-3. The results are included in Table-3. 
In this case, the amount of HC1 evolved in step(i) was 1.2 mmol.g-' and the 
concentration of Ga and CI in the dried catalyst obtained from the step(ii) was 0.65 
and 0.61 tnmol.g -1 , respectively. 
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Table-3: Results of the acylation of aromatic compounds with or without comprising 
» nitro group(s). r 6 



Example 

. Nos. 


example— Zo 


ExampIe-27 


Example-28 


Reactants 








Aromatic 

compound 

(Ac) 


p-Xylene 


Nitrobenzene 


■i uiucne 


Acylating 

nQrAnt fAck\ 
agciiL \ Jrxju) 


Benzoyl chloride 


Benzoyl chloride 


Benzoyl chloride 


Reaction 
conditions 






■ 


in step(yf) 








Solvent 


nil 


nil 


Nil 


Ac/Aa mole 
ratio 


12,3 


14.7 


14.2 


Solvent/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.3 


Temperature 

°C 


140 


180 


110 


Pressure 
(atm) 


1 


1 


1 


GHSV ofN 2 
(cm 3 min _l ) 


30 


30 


30 


Reaction 
time (min) 


10.5 


44.6 


30.5 


Conversion 
of acylating 
agent (%) 


100 


99 


100 


Main 

product of 
reaction 


CcHjCOCeHaCCH-Oa 


CeHsCOQRjNOz 


CeHjCOC^CHa 


By product 
of reaction 


HC1 


HC1 


HC1 
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EXAMPLES-29to3l 

These examples also illustrate the process of this invention for the acylation 
of different aromatic compounds with or without comprising nitro group(s). 

The process was carried out similar to that described in Examples-26 to 28 
except, that in the step(i), 10 mmol of anhydrous A1C1 3 was used instead of 10 mmol 
of anhydrous GaCl 3 . The reactants and reaction conditions used in step(iii) are given 
in Table-4. The results are included in Table-4. In this case, the amount of HC1 
evolved in step(i) was 2.3 ramoLg" 1 and the concentration of Al and CI in the dried 
catalyst obtained from the step(ii) was 0.52 and 0.65 mmol.g" 1 , respectively. 
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Table-4: Results of the acylation of aromatic compounds with or without comprising 



Examole 
Nos. 




JC/X clITip 1 C J U 




Rcac^ants 

Aromatic 

compound 

(Ac) 


p-Xylene 


Nitrobenzene 


Toluene 


Acylating 
agent (Aa) 


Benzoyl chloride 


Benzoyl chloride 


Benzoyl chloride 


Reaction 
conditions 
in stepfiift 








Solvent 

Ac/ Aa mole 
ratio 


Nil 
12.3 


nil 
14.7 


nil 
14.2 


Solvent/Aa 
mole ratio 


0 


0 


0 


Catalyst/Aa 
weight ratio 


0.3 


0.3 


0.3 


Temperature 
°C 


140 


180 


110 


Pressure 
(atm) 


1 


1 


1 


GHSV of N 2 
(cmW 1 ) 


30 


30 


30 


Reaction 
time (min) 


24.5 


14.2 


10.5 


Conversion 
of acylating 
agent (%) 


100 


100 


95 


Main 

product of 
reaction 


CeHjCOCJhiCHzh 


C^HsCOC^NOj 


C6H5COQH4CH3 


By product 
of reaction 


HC1 


HC1 


HC1 
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F y AivfPI,F,S-32 to 34 

These examples also illustrate the process of this invention for the acylation 
' of different aromatic compounds with or without comprising nitro group(s). 

The process was carried out similar to that described in Examples-8 to 25 
except that, in the step(i), Montmorillonite K-10 was used instead of the 
Si-MCM-41. The reactants and reaction conditions used in step(iii) are given in 
Table-5. The results are included in Table-5. 
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Table-5: Results of the acylation of aromatic compounds with or without comprising 



, Example 
Nog, 


Example-32 


Example-33 


Example-34 


Reactante 








Aromatic 

compound 

(Ac) 

Acylating 
agent ( Aa) 


p-Xylene 
Benzoyl chloride 


Nitrobenzene 
Benzoyl chloride 


Toluene 
Benzoyl chloride 


Reaction 
conditions 
in siepiuij 

Solvent 


Nil 


nil 


nil 


Ac/Aa mole 
ratio 


12.3 


14.7 


14.2 


Solvent/Aa 


0 


0 


0 


mole ratio 




Catalyst/Aa 
weight ratio 


U.J 


0.3 


0.3 


Temperature 

°C 


140 


180 


110 


Pressure 


1 


1 


1 


(atm) 






QHSV of N 2 
(cm 3 min~ ! ) 


30 


30 


30 


Reaction 
time (min) 


5.5 


18.2 


35,5 


Conversion 
of acylating 
agent (%) 


100 


100 


98 


Main 

product of 


CtffcCOCtfljCCHsk 


C6H 5 COC6H4N0 2 


CfiHjCOCfilLtCHs 


reaction 








By product 
of reaction 


HC1 


HC1 


HC1 
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■If**- t I''**" •' ^ " " 

^^ ^ ^^^^^^^ ^ 

■ n,, ^. -to n mam "" " f "" ow,: 

0 By the process of this invention. i« is possible «o directly acytate aromattc 
compounds, even that containing highly aromatic ring deactivating nitro 
^s), wi«h a high conversion of the acylating agent, using reusable sohd 
catalyst. In the prior art direct acylation of aromatic compound containing 
ni.ro groups has not been accomplished; i. « believed to be very difficult. 
2) Apart from me above, me process of this invention has number of other 
advantages over me earlier homogeneous aeid catalyzed processes for the 
Friedel-Crafts type acylation of aromatic compounds with or without 
comprising nitro group(s), are as follows: 

i) The catalyst used is heterogeneous solid catalyst and hence can be 

operated easily from the reaction products simply by filtration. 
«) The seperated catalysts can be reused in the process for a number of 

times, and 
Hi) Also the catalyst is non corrosive; 

Hence, most of the serious problems associated with homogeneous catalyst 
used in me eariier homogeneous catalyzed processes for the preparation of 
acylated aromatic compounds arc overcome in the p«>cess of this invention. 
3) The process of mis invention has also number of advantages over me prior art 
processes based on the use of solid acid catalyst for the acylation of aromatic 
compounds, as follows: 
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i) The activity of the said solid catalyst used in the process of present 
invention is very high and hence the reaction is very fast and thereby 
the time required for completing the reaction is very short. 

ii) The catalyst of this invention can be reused repeatedly in the process 
and the reused catalyst shows high activity in the process even after 
its repeated use for a number of times in the process. 

iii) The process of the present invention can be used for acyiating both 
small and large size aromatic compounds with both small and large 
size acyiating agents to produce the corresponding acylated 
compounds. 

iv) In the process of this invention, when inert gas is bubbled through 
the reaction mixture continuously, said by-product formed in the 
reaction is removed continuously, and thereby the reverse acylation 
reaction is avoided or minimized, thus requiring short time for 
completing the reaction. 

v) In the process of this invention, by using pressure higher than latm, 
it is possible to carry out the acylation reaction at a temperature 
higher than the normal boiling point of either of the reactants and the 
solvent, and thereby the reaction period for completing the reaction is 
shortened and/or the inhibition of the reaction due to strong 
adsorption of the reactants, products or solvent on the catalyst is 
avoided or minimized. 
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vi) By the process of this invention, even the acylation of nitrobenzene, 
which is considered to be not possible due to its strong electron 
withdrawing nature, is possible, at mild conditions, with high 
conversions and hence the reaction is accomplished at a short 
reaction period. 

vii) Also, by the process of this invention, even the acylation of benzene 
and/or naphthalene, which does not contain any aromatic ring 
electron-donating group such as alkyl, alkoxy, hydroxy, etc. 
group(s), is rapid at mild reaction conditions and hence the reaction 
is accomplished at a short reaction period. 

viii) In the process of this invention, by using the said solid catalyst, a 
rapid acylation of aromatic compounds with or without comprising 
nitro group(s) is possible even when the reaction mixture contains 
moisture; the catalyst is not deactivated due to the presence of 
moisture in the catalyst or in the reaction mixture, instead there is a 
drastic improvement in the catalytic activity of the catalyst in the 
presence of moisture. Hence, unlike the prior art homogeneous and 
solid acid catalysts, the catalyst of this invention does not demand 
moisture-free conditions to be active in the process and hence there 
is no need to remove traces of moisture from the catalyst, reactants or 
solvent used in the process, and thereby the process of this invention 
becomes more economical. 
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